The detection of plants based on a machine vision system is one of the most important parts of plants simulation. The calibration of the machine vision system is a basic step for nondestructive detection. We discuss common methods such as traditional calibration techniques, active vision based calibration techniques, and self-calibration techniques. The results show that it is feasible to apply the traditional linear calibration method in nondestructive measurement of plants.
INTRODUCTION
Machine vision is a focus of technologies, which is used to simulate the outside or macroscopically vision function of the target by the study of computer's applications. Its chief function is to create or renew the real object by images. Machine vision technique is widely applied to industry, agriculture, spaceflight, remote sensing and medicine, etc. because of its contactless detection, fast speed and high precision. Recently, it also shows great application prospects in botany, agronomy, ecology and forestry (Jain et al., 2003) .
The purpose of the detection of plants based on machine vision system is to study the growing rule of plants quantitatively. The calibration of the machine vision system is a basic step for nondestructive detection, which means that the calibration of the camera in the machine vision system is also necessary. The calibrating techniques of camera can be divided into traditional calibration, self-calibration, and active vision based on calibration. We choose one, which is adapting to the nondestructive detection of plants.
METHODS FOR CAMERA CALIBRATION
The methods for camera calibration can be divided into traditional calibration techniques, self-calibration techniques, and active vision based on calibration techniques. The above-mentioned methods will be discussed respectively.
Traditional calibration techniques is to use the frame information of the scenery which usually takes a calibration block whose frame is known and process precision is high as a directional reference, and to simulate the relation between the parameters of the camera model through the corresponding relation of a space spot and a camera spot, and then to get the parameter by optimizing algorithm. The calibration method can use any kind of camera model and has a high precision. But it requests a high-precision calibration block, and we cannot use the block in practical applications sometimes. This method mainly includes direct linear transform camera calibration (Yang et al., 2000) , calibration based on the RAC (Tsai, 1987) , and planar calibration (Zhang, 1998; Wu and Sun, 2004) .
The camera calibration based on active vision is an important branch of the camera calibrations. The so-called camera calibration based on active vision is a method to calibrate cameras in a condition that some movement information of the camera is known, and the movement information includes the quantitative information and the qualitative information. The quantitative information refers to the case that the camera was translated for a given distance to a certain direction in the reference frame of the platform, and the two-translation movement orthogonality of the camera, etc. The qualitative information refers to the case that the camera does absolute linear movement or absolute rotary movement, etc. The main advantage of the camera calibration based on active vision is introduced as follows: The model parameters of the camera can be evaluated by linear equations since the movement information of the camera in the calibration process is known. The current research focuses on evaluating the model parameters through linear equations while reducing the movement restriction of the camera as much as possible. Representative researches include calibration based on three-orthogonal translation movement and orthogonal movement method based on homographic matrix Hu, 2001, 2002) .
The self-calibration of camera is a process that calibrating the camera by the corresponding relation of the image points, without any calibration blocks. In the process of self-calibration, it is assumed that the corresponding
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relation of the image points is determined, and the interior parameters of the camera make no changes when different images are shot (Yu et al., 1999; ).
RESULTS FOR CAMERA CALIBRATION
Since the machine vision system applied in nondestructive measurement of plants does not require the online calibration, the traditional linear calibration using calibration blocks can easily meet the testing requirements.
Therefore, calibration is done using a one-Yuan coin as a calibration reference. The calibration contains the processes below: collecting images of the calibration reference by CCD camera, shooting images in the condition that the vertical shooting height is fixed and the distance between the lens and the calibration reference and the distance between the lens and the plants are set at the same condition, counting the number of the pixels and calculating the true size that each pixel represents. According to the true size that each pixel represents, the true size of the plant shot in the same condition can be calculated. Figure 1 stands for the three images of two coins collected in different locations when the distance between the lens and the coin is 20 cm and the focal length is 16 cm. Table 1 stands for the corresponding testing results.
As plants grow, calibration outcomes in different altitudes can be obtained when adjusting the distance between the lens and the coin, and through this, the values of plants can be calculated in the corresponding distance. The average size per pixel is 0.00572 mm 2 . 
